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(54) MANUFACTl 

(71) We, Mo.vsasto Company, a cor- 
poration organised under the Jaws of the State 
of Delaware, United States of America, of 
SCO, North Lindbergh Boulevard, St. Louis, 

5 66, State of Missouri, United States of 
America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 

10 by the following statement: — 

This invention relates to the manufacture 
of phenols and more particularly to a new 
and improved non-catalytic process for the 
preparation of phenols by direct synthesis from 

15 aromatic hydrocarbons and oxygen-containing 
cases. 

The term "phenols" is used herein to mean 
not only phenol itself (C,H-OH) but aromatic 
compounds generally which contain a phenolic 

20 hydroxyl group. 

The phenols are a very valuable class of 
compounds. Phenol, as well as the cresols, 
thymol, carvacol and the other phenolic com- 
pounds has pronounced germicidal action and 

25 is useful as a disinfectant. In addition the 
phenols are useful in preparing phenolic 
resins, in metal cleaning compounds, and in 
many other applications. 

Phenols may be obtained by a number of 

30 methods. Since the phenols occur in coal tars 
?.nd in petroleum crude oils, phenols may be 
recovered from these natural sources. In addi- 
tion, phenols may be synthesized from sodium 
benzene sulphonates and by the hydrolysis of 

35 halobcnzenes. 

It is an object of the present invention to 
provide a new and improved process for the 
manufacture of phenols. 
According to the present invention there is 

40 provided a process for the manufacture of 
phenols which comprises subjecting a gaseous 
mixture of an aromatic hydrocarbon and a 
free oxygen-containing gas to a silent electric 
discharge. By the term "silent electric dis- 

45 charge", as used herein, is meant an electrical 
discharge of the silent type characterized 
by a relatively high voltage, a relatively low 
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current density and a relatively low gas tem- 
perature as contrasted to the low voltage, high 
current, and high temperatures of the arc dis- 50 
charge. 

The feed materials to the process of the 
present invention consist of an aromatic hydro- 
carbon and an orcygen-containing gas. Most 
often, the aromatic hydrocarbon and the - 55 
oxygen-containing gas are employed in 
amounts such as to prcdtice a molar ratio of 
aromatic hydrocarbon to oxyaen within the 
range of 0.1: 1 to 10: 1. However, both higher 
and lower ratios may be used if desired. Since 60 
formation of the phenol from the aromatic 
hydrocarbon and oxygen generally requires 1 
mol of each of the reactants. it is usually pre- 
ferred to employ the aromatic hydrocarbon 
and the oxygen-containing gas in amounts such 65 
as to produce a molar ratio of aromatic 
hydrocarbon to oxygen within the range of 
0.1:1 to 2:1, preferably substantially equal 
molar quantities bein? used. 

The oxygen-containing gases may be em- 70 
ployed in carrying out the process of the 
present invention, include virtually any of the 
gaseous materials containing oxygen in a 
form which may be used in the reaction em- 
bodied in the present process. Generally, such 75 
oxygen-containing gas is one selected from 
the group consisting of air, oxygen, and air- 
oxygen mixtures. Because of its cheapness and 
ease in handling, air is usually preferred as 
the oxygen-containing gas employed in carry- " 80 
ing out the process of the present invention. 

A wide range of aromatic hydrocarbons may 
be used in the process of the present inven- 
tion. The aromatic hydrocarbons may be 
mono-nuclear or poly-nuclear and may have 85 
one or more hydrocarbon subsequent therein. 
Included within the aromatic hydrocarbons 
are such compounds as benzene, toluene, the 
xylenes, ethyl benzene, methyl ethyl ben- 
zene, n - Propyl benzene, isopropyl benzene, 90 
n - butyl benzene, n - pentyl benzene, ethyl 
propyl benzenes, naphthalene, methyl raph- 
ihalcnes, dimethyl naphthalenes, methyl ethyl 
naphthalenes, ethyl naphthalenes, diethyl naph- 



thalencs. dipropyl naphthalenes, anthracene 
phcnanthrcne, methyl anthracene, methy 
bhenanthrene, dimethyl anthracene, diphcn>l 
kod methvl diphenyl. As a practical matter, 
it is generally preferred to practice, the pro- 
cess of the present invention employing arom- 
atic hydrocarbons of relatively ^ motecular 
weieht This results from the difficulty o. 
vaporizing the higher molecular ™jhiarom- 
auc hydrocarbons. In the preferred P^cttce 
of the" present invention, the aromatic hydro- 
carbons emplovcd are benzene, toluene ethyl 
benzene, the xylenes, or combinations of these. 

The residence time of the oxygen-coma ining 
gas and aromatic hydrocarbons within i the high 
Intensity electric field produced. by the s.l em 
electric discharge most often is within the 
range of 0.1 to 1000 seconds. P^ably, 
however, this residence time is within the 
ranee of 1 to 100 seconds. The reaction condi- 
tions of temperature and pressure at which 
the process of the present invention is oper- 
ated varv considerably and are not particu- 
larly critical to the operation of the present 
invention except as hereinafter discussed. *ith 
resnect to temperature, no higher tempera- 
tures are necessary than are required to ma n- 
tain the aromatic hydrocarbon feed in the 
reaction zone in the vapor phase. As a prac- 
tical matter, temperatures above 60O b sel- 
dom are used in the operation of the process 
of the present invention. Generally, the tem- 
peratures employed are within the range or 
'o to WF With regard to pressure, the 
^ration of the process of the present inven- 
tion is most often within the range of from 
approximately atmospheric pressure to >u 
psie However, both higher and lower pres- 
iures. i.e.. 1 mm Ha to 100 ps.g, may be 
used if desired. The choice of pressure for 
operation of tlvj present invention must take 
into consideration that the aromat.c hydro- 
caibon employed in the present process is in 
the vapor state. , 
The clc-'rical conducting media tnrougri 
whHi the silent electric discharge is gener- 
ated rosv consist of any material which may 
ict ps an electrode. Such materials are we I 
known to the art and include various metals 
such as the' aluminum foil mentioned below 
or various electrolytic solutions such as the 
below-mentioned sodium sulfate solution, lhc 
two electrical conducting media used may be 
the same or different depending upon the con- 
*5 Station and construction of the apparatus 
us'-d in carrying out the process of the pre- 
c C n' invention. Since materials and electrolytic 
solutions capable of conducting electricity and 
o? actin" as electrodes arc well known to the 
60 art, no further discussion of such conducting 
media is believed necessary. 

An insulating medium is required between 
the two electrodes employed in providing the 
silent electric discharge of the process of the 
65 present invention. In the apparatus shown in 
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the accompanying drawing (discussed in de- 
tail later herein) this insulating medium is 
provided by glass tubes 15 and 16 which 
each provide a layer of glass between the 
electrodes. It is not necessary that the elec- 
trodes be insulated (from one another by two 
layers of insulation as in the apparatus of the 
drawing. It is only necessary that one in- 
sulating medium be provided and and the 
reactants mav be in direct contact with one 
of the electrodes. The choice of the insulat- 
ing medium is not critical and is well within 
the ability of those skilled in the art. It is 
only necessary that the insulating material 
have a dielectric greater than that of the gase- 
ous reactants. Included within this group of 
insulating materials are such materials as 
class and various ceramic materials 
P In providing the silent electric discharge 
of the process of the present invention, a 
field strength voltage from about 20,000 to 
about 1^0.000 volts per centimeter most often 
is required. "Field Strength", as used herein, 
is the value obtained by dividing the voltage 
applied to the electrode by the distance be- 
tween the two electrodes and is a measure of 
the electromotive force within the reaction 
zone. The field strength required will vary 
somewhat with the residence time and the 
reactants involved, as well as the efficiency 
of contact of the reaction mixture with the 
high intensity electric field. A preferred field 
strength for 'operation of the process of the 
pr C «ent invention is one within the range or 
80,000 to 120,00 volts per centimeter. Gener- 
ally, the frequency of the electric current in 
the operation of the process of the present 
invention is within the range of 30 cycles to 
■> megacycles per second. However, a fre- 
quency within the range from 30 to 90 cycles 
per second is preferred. 

The apparatus used in carrying out the pro- 
cess of the present invention may vary con- 
siderably. Anv apparatus which provides a 
silent electric discharge across a gap through 
which the reaction mixture of the present pro- 
cess may be passed will suffice. The gap be- 
tween the electrodes may vary considerably 
in distance and is not critical so long as a 
silent electric discharge of the proper strength 
can be obtained. This distance will vary from 
a small fraction of an inch to several inches 
and higher. The optimum gap distance will 
vary with the electrodes used and other con- 
siderations well within the ability of those 
skilled in the art. A useful apparatus is one of 
the general configuration illustrated by the 
accompanying drawing. 

Referring to the drawing, an oxygen-con- 
taining gas and an aromatic hydrocarbon are 
rfed through lines 10 and 11, respectively, in- 
to a common line 12 wherein these compon- 
ents become intimately mixed. The mixture 
passes through line 12 into one or a plurality 
of distributing tubes 13 which serve to lnrro- 
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ducc the mixture into reaction chamber 14. 
The mixture is in the gaseous state on intro- 
duction into the reaction chamber. Reaction 
chamber 14 is formed by the annular space 

5 between a glass outer tube 15 and glass inner 
tube 16, which glass inner tube 16 is sealed 
at its lower end and filled with an electrolyte 
solution 17 which may be any suitable con- 
ducting solution. Glass outer tube 16 is sur- 

10 rounded by a conducting material 19 usually 
as a sheet of a conducting metal such as, for 
example, aluminium foil. Electrolyte solution 
17 and conducting metal 19 arc connected by 
means of conducting wires IS and 29 , rcs- 

15 pectively, with an electrical power source (not 
shown). The electrical power source is one 
capable of supplying as high as 20,000 volts 
and higher of alternating current with a fre- 
quency range 1 .of 30 cycles to 2 megacycles 

20 per second to electrolyte solution 17 and 
conducting metal 16. The gas mixture intro- 
duced through lines 13 into reaction chamber 
14 passes downward through reactor chamber 
14 and a high intensity electrical field created 

25 by a silent electrical discharge between elec- 
trolyte 17 and conducting material 19. The 
eflluent of reaction chamber 14 is discharged 
through discharge tube 21 whereby it flows to 
a recovery system (not shown). 

30 To further describe and to specifically illus- 
trate the process of the present invention, the 
following examples are presented. These 
examples are not to be construed as limiting 
of the present invention. 

35 Example I 

Benzene and air were mixed in a molar 
ratio of 1 : S.5, benzene to air, and subjected 
to a silent electrical discharge in an apparatus 
substantially as shown in the accompanying 

40 drawing. In this apparatus, aluminum foil was 
used as conducting material 19 surrounding 
outer tube 15 and a l';.-> Na.-SO, solution 
was used as electrolyte 17. The distance be- 
tween conducting material 19 and electrolyte 

45 17 was 0.1 centimeters. The benzene-air mix- 
ture was subjected to the silent discharge at 
essentially aunosphcric pressure and at a tem- 
perature of about S0°F. The voltage applied 
to the silent electric discharge was approxi- 

50 matcly 10,000 volts and the frequency of the 
applied electromotive force was approximately 
60 cycles per second. The field strength of 
the silent electric discharge within the" reac- 
tion zone was 100,000 volts per centimeter. 

55 The^ residence time of the reaction mixture 
within the field of the silent electric discharge 
was approximately S seconds. On analysis of 
the effluent from the silent electric discharge 
apparatus, ir was found that a significant 

60 quantity of phenol representing approxi- 
mately 50 per cent of the total reaction pro- 
duct, was formed. In addition minor amounts 
of biphenyl, diphenylether, and phenoxy 
phenols were found to have formed. 



Example II 65 
Example I is substantially repeated with 
the exception that toluene is used as the 
aromatic hydrocarbon. In this experiment, the 
principal product is a mixture of cresols. The 
principal by-product of the reaction is benzyl 70 
alcohol with small amounts cf aikylbenzencs 
and other aromatic hydrocarbon being also 
formed. 

Example III 
Example I is repeated with the exception 75 
tint n - propylbenzene is used as the aromatic 
hydrocarbon. The principal product is a mix- 
ture of propyiphenols with significant amounts 
of phenylpropyl alcohols also being found in 
the reaction product. 80 

WHAT WE CLAIM IS: — 

1. A process for the manufacture of a 
phenol which comprises subjecting, a gaseous 
mixture of an aromatic hydrocarbon and a 
frce-oxygen-containing gas to a silent electric 85 
discharge. 

2. A process according to claim 1 wherein 
the process is carried cut at a temperature 
of less than 6C0'F and at a pressure within 

the range cf 1 mm Hg to ICQ psig. 90 

3. A process according to claim 1 or 2 
wherein the oxygen of the oxygen-containing 
gas and the aromatic hydrocarbon are in a 
molar ratio cf 0.1:1 to 10:1. 

4. A process according to any of the pre- 95 
ceding claims wherein the frequency of the 
silent electric discharge is within the range 

cf 30 cycles to 2 megacycles per second. 

5. A process according to any of the pre- 
ceding claims wherein said mixture contains 100 
approximately cquimolar quantities of arom- 
atic hydrocarbon and oxygen. 

6. A process according to any of the pre- 
ceding claims wherein the aromatic hydrocar- 
bon is benzene. 105 

7. A process according to any of the pre- 
ceding claims wherein the electrical field 
strength of the silent electric discharge is 
within the range of 20,000 to 150,000 volts 

per centimeter. no 

S. A process according to any of the pre- 
ceding claims wherein the residence time of 
the reactants within the field of the silent 
electric discharge is within the range of 0.1 
to 1000 seconds. " H5 

9. A process according to any of the pre- 
ceding claims wherein the oxygen-containing 
gas is air, oxygen or an air-oxygen mix- 
ture. 

10. A process according to claim 1 substan- 120 
dally as hereinbefore described with reference 

to any one of :be foregoing specific Examples 
I to III. 

11. A process according to chim 1 carried 

cut substantially as described with reference to 125 
the accompanying drawing. 

12. Phenols whenever prepared or pro- 
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duccd by any of the processes hereinbefore 
described and claimed. 



Agents for the Applicants, 
V GALLAFENT & CO., 
Chartered Patent Agents, 
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